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DESCRIPTION 

ULTRA-FAST TRANSFORMATION TECHNIQUE FOR MONOCOTYLEDONS 

TECHNICAL FIELD 

The present invention relates to an Agrobacte- 
rium-mediated transformation method for monocotyledons. 

BACKGROUND ART 

One means for improving a plant is a 
"transformation technique", in which a desired 
recombinant gene for modifying a character is introduced 
into a plant. Efficient and quick transformation 
techniques are extremely important for the molecular 
breeding of useful plants, in particular grain crops, 
which are important staple foods . 

A majority of grain crops (e.g., rice, wheat, 
barley, and corn) are classified as monocotyledons. 
Various transformation techniques for transforming 
monocotyledons have hitherto been developed. 
Transformation techniques are generally classified into 
direct transformation techniques and indirect 
transformation techniques . 
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Examples of direct transformation techniques 
include electroporation techniques (see Shimamoto K. et 
al.. Nature, 338:274-276, 1989; and Rhodes C.A. et al . , 
5 Science, 240:204-207, 1989), particle gun techniques (see 
Christou P. et al., Bio/Technology 9:957-962, 1991) and 
polyethylene glycol (PEG) technique (see Datta, S.K. et 
al., Bio/Technology, 8:736-740, 1990). Electroporation 
techniques and particle gun techniques have been 
10 generally used as methods for transforming monocotyledons 
which can achieve a relatively efficient gene 
introduction . 

An example of an indirect transformation tech- 
15 nique is an Agrobacterium-mediated transformation 
technique (hereinafter, this may also be referred to as 
an "Agrobacterium transformation technique" ) . 
Agrobacteria are a kind of plant pathogenic bacteria. 
Agrobacteria are characterized in that, when a plant is 
20 infected therewith, a T-DNA region which is present on 
the plasmids that Agrobacteria have (e.g. , Ti plasmid or 
Ri plasmid) is incorporated into the plant. The 
Agrobacterium transformation technique utilizes the 
incorporation of the T-DNA region into plants as a means 



5 



10 



for introducing genes into plants. In short, a plant is 
infected with an Agrobacterium which contains a desired 
recombinant gene. After infection, a desired recombi- 
nant gene is transferred from the Agrobacterium into plant 
cells so as to be incorporated into the plant genome. 

The Agrobacterium transformation technique is 
sufficiently established so far as dicotyledons are 
concerned. A large number of stable transformed plants 
have already been created which express desired 
recombinant genes . 

On the contrary, it has conventionally been 
recognized as difficult to apply the Agrobacterium 
transformation technique to monocotyledons . For example , 
Portrykus et al. (BIO/TECHNOLOGY, 53 5-542,1990) report 
that monocotyledons cannot be infected with Agrobacteria . 
On the other hand, a great deal of attempts have been made 
to transform monocotyledons by using Agrobacteria, which 
have shed light to the possibility of applying the 
Agrobacterium transformation technique to monocotyle- 
dons . 



For example, Raineri et al. took the blastodisk 
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of rice , scarred it , and placed it on a medium which induces 
regeneration; a few days later, the blastodisk portion 
was infected with an Agrobacterium. As a result , although 
normally regenerated plant bodies were not obtained, 
5 calluses having a foreign gene introduced therein were 
successfully induced (see Raineri, D.M. et al., 
Bio/Technology, 8 : 33-38 , 1990). 

The pamphlet of International Publication 
10 No. WO94/00977 discloses an Agrobacterium transformation 
technique for rice and corn. According to this method, 
it is necessary to employ cultured tissue (e.g., cal- 
luses), which is in the process of regeneration or which 
have completed regeneration, as a plant sample to be 
15 transformed by an Agrobacterium. Therefore, prior to 
infection with an Agrobacterium, it takes 3 to 4 weeks 
to induce regeneration in order to produce regenerated 
culture tissue from a plant sample to be transformed (e.g., 
a leaf section). 

20 

The pamphlet of International Publication 
No. WO95/06722 discloses a method which infects an 
immature germ of rice or corn with an Agrobacterium. 
However, it is quite cumbersome to isolate immature germs . 
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Accordingly, it will contribute to the molecular 
breeding of useful monocotyledons, including grain crops 
such as rice, if a quicker and efficient Agrobacterium 
transformation technique for monocotyledons becomes 
available . 



DISCLOSURE OF THE INVENTION 

The present invention is intended to solve the 

10 aforementioned problems. An objective of the present 
invention is to improve Agrobacterium transformation 
techniques for monocotyledons. According to the method 
of the present invention, it is possible to create a 
transformed plant far more efficiently and quickly than 

15 any conventional Agrobacterium transformation tech- 
niques . 



The present invention relates to a transformation 
method for monocotyledons, the method including a step 
of infecting an intact seed with an Agrobacterium which 
includes a desired recombinant gene. According to the 
method of the present invention, a seed is infected in 
an intact state, and no processing such as regeneration 
of a plant sample to be transformed is required. 
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The seed to be infected with an Agrobacterium may 
be a seed on the fourth day to the fifth day after sowing. 
At the time of infection, the seed may already have 
5 germinated. 

The monocotyledon to be transformed is preferably 
a plant of the family Gramineae, and more preferably rice 
(Oryza sativa L . ) . 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a photograph showing a state of a 
living organism, illustrating the state of a rice seed 
immediately before infection with an Agrobacterium. 

15 

Figure 2 is a photograph showing a state of a 
living organism, illustrating a regenerated rice indi- 
vidual obtained by the method according to the present 
invention, on about the 50th day after sowing. 

20 

Figure 3(a) is a photograph showing a state of 
living organisms, illustrating a transformed plant body 
obtained by a conventional technique on about the 90th 
day after sowing, in comparison with a transformed plant 
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body obtained by the method according to the present 
invention on about the 50th day since sowing. 

Figure 3(b) is a photograph showing a state of 
5 living organisms, illustrating a transformed plant body 
obtained by a conventional technique on about the 50th 
day after sowing, in comparison with a transformed plant 
body obtained by the method according to the present 
invention on about the 50th day after sowing. 

10 

BEST MODES FOR CARRYING OUT THE INVENTION 

Hereinafter, the present invention will be de- 
scribed in detail. 

15 The "plants" to which the method according to the 

present invention is applied are monocotyledons . 
Examples of preferable monocotyledons include plants of 
the family Gramineae (e.g., rice and corn). The most 
preferable plant to which the method according to the 

20 present invention is applicable is rice, and in particular 
Japonica rice. Unless otherwise indicated, the term 
"plant" means a plant body and the seeds obtained from 
a plant body. 
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( Preparation of a plant expression vector) 

In order to introduce a desired recombinant gene 
into monocotyledons, an appropriate plant expression 
vector which includes the desired recombinant gene is 
5 constructed. Such a plant expression vector may be 
prepared by recombinant gene technologies well-known to 
those skilled in the art. Although pBI-type vectors are 
suitably employed to construct plant expression vectors 
for use in Agrobacterium transformation techniques, the 
10 plant expression vector is not limited thereto. 

A "desired recombinant gene" refers to any 
polynucleotide which is desired to be introduced into a 
plant. The desired recombinant gene according to the 

15 present invention is not limited to those isolated from 
nature, but may also include synthetic polynucleotides. 
Synthetic polynucleotides may be obtained by, for example, 
synthesizing or modifying a gene having a known sequence 
by techniques well-known to those skilled in the art . The 

20 desired recombinant genes according to the present 
invention include, for example, any polynucleotide which 
is desired to be expressed in a plant to be transformed 
that may be endogenous or exogenous to that plant, or, 
in the case where it is desired to control the expression 



of a certain endogenous gene in a plant , a polynucleotide 
which includes an antisense sequence of a target gene. 

In the case where expression in a plant is intended, 
5 a desired recombinant gene may contain its own promoter 
(i.e., the promoter to which the gene is operably linked 
in nature) in an operable manner, or, in the case where 
the gene's own promoter is not contained or where it is 
desirable that a promoter other than the gene's own 
10 promoter be contained, operably linked to any appropriate 
promoter. Examples of the promoter to be used include, 
a constitutive promoter, a promoter which is selectively 
expressed in a portion of a plant body, and an inducible 
promoter. 



15 
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In 



the plant expression vector, various 
regulatory elements may further be linked in a such manner 
as to be operable within the host plant cells. The 
regulatory elements may include, preferably, selection 
marker genes, plant promoters, terminators, and enhancers . 
It is well-known to those skilled in the art that the type 
of the plant expression vector to be used and the kinds 
of regulatory elements may vary depending on the purpose 
of transformation. 



A "selection marker gene" can be used in order to 
facilitate the selection of transformed plants. Drug 
resistance genes such as a hygromycin phosphotransfer- 
ase (HPT) gene for imparting hygromycin resistance, and 
a neomycin phosphotransferase II(NPTII) gene for 
imparting kanamycin resistance, may be suitably employed, 
although not limited thereto. 

A "plant promoter" means a promoter which is 
operably linked to a selection marker gene and expressed 
in a plant. Examples of such promoters include 
cauliflower mosaic virus (CaMV) 3 5S promoter and nopaline 
synthetase promoter, although not limited thereto. 

A "terminator" is a sequence which is located 
downstream of a region of a gene which codes for a protein, 
and which is involved in the termination of transcription 
when DNA is transcribed to mRNA, as well as the addition 
of a polyA sequence. Examples of terminators include 
CaMV3 5S terminator and the nopaline synthetase 
terminator (Tnos), although not limited thereto. 

An "enhancer" may be employed in order to enhance 
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the expression efficiency of a target gene. As the 
enhancer, an enhancer region which includes an upstream 
sequence within the CaMV35S promoter is suitably used. 
A plurality of enhancers may be employed for each plant 
5 expression vector. 

(Transformation of plants) 

The Agrobacterium used for the transformation of 
monocotyledons may be any bacterium of the genus 

10 Agrobacterium, and preferably Agrobacterium tumef aciens . 
The Agrobacterium may be transformed by a plant expression 
vector containing a desired recombinant gene (e.g., by 
elect roporat ion) . By infecting a seed with the trans- 
formed Agrobacterium, the desired recombinant gene can 

15 be introduced into the plant . The introduced recombinant 
gene exists in a form integrated within the genome in the 
plant . The genome in the plant not only means chromosomes 
in the nucleus, but also includes genome included in 
various organelles (e.g., mitochondria, chloroplasts ) in 

20 plant cells. 

After removing the husks of the seed of a plant 
which is intended to be transformed, the seed is pre- 
cultured in an intact state. A seed being "intact" means 



-12- 



that the seed has not been subjected to any artificial 
manipulations, such as removal of the ovule or scarring 
of the blastodisk. 



In the pre-culture, the seeds are sown on a medium 
(e.g., an N6D medium) containing an appropriate 
concentration of auxin (e.g., 2,4-D), and may be incubated 
for typically 4 to 5 days, and preferably 5 days. The 
pre-culture is completed before the seed tissue enters 
into a regeneration process. The temperature during the 
pre-culture is typically 25*0 to 35*C , and preferably 27^ 
to 32*C . After completing the pre-culture, the seeds are 
sterilized, and thereafter washed well with water. Next , 
the seeds may be infected with a transformed Agrobacterium 
under aseptic manipulation. 



During infection by the Agrobacterium (co- 
culture), the seeds are incubated in the dark, typically 
for 2 to 5 days, and preferably for 3 days. The 
temperature at this time is typically 26 *C to 28*C, and 
preferably 28 . Next, in order to eliminate the 
Agrobacterium in the medium, the seeds are subjected to 
a treatment with an appropriate bacteria eliminating 
agent (e.g., carbenicillin ) . The transformed seeds are 
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selected on the basis of a selection marker (e.g., drug 
resistance such as hygromycin resistance) . 

After the culture under appropriate bacteria- 
5 eliminating conditions and selection conditions, the 
selected transformed seeds may be placed in a regeneration 
medium (e.g. , an MS medium) containing appropriate plant 
regulatory substances, and incubated for an appropriate 
period of time. In order to allow a plant body to be 
10 regenerated, the regenerated transformant is placed on 
a rooting medium (e.g. , an MS medium containing no plant 
regulatory substances). After the growth of roots is 
confirmed, the transformant may be potted. 

15 The desired recombinant gene which has been 

introduced into the plant may have action for intended 
purposes (e.g. , expression of a new character of interest , 
or controlling the expression of certain endogenous 
genes) within the plant. 

20 

It can be confirmed by using well-known techniques 
whether or not a desired recombinant gene has been 
introduced into a plant. This confirmation may be made, 
for example, via Northern Blot analysis. Specifically, 
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the entire RNA is extracted from a leaf of a regenerated 
plant, subjected to electrophoresis on agarose in de- 
natured condition, and thereafter blotted on an 
appropriate membrane. By allowing a labeled RNA probe 
5 which is complementary to a portion of the introduced gene 
to hybridize with the blots, the mRNA of the gene of 
interest can be detected. Alternatively, in the case 
where controlling the expression of an endogenous gene 
in the plant is desired via the introduction of a desired 

10 recombinant gene, the expression of the target endogenous 
gene may be tested for example, via the aforementioned 
Northern Blot analysis. If the expression of the target 
endogenous gene is significantly suppressed as compared 
to its expression in a non-transformed control plant, it 

15 is confirmed that the desired recombinant gene has been 
introduced into the plant and that the desired recombinant 
gene has acted to control the expression. 



Conventional methods usually require a period of 
20 3 to 4 weeks for inducing regeneration prior to 
Agrobacterium infection. In contrast, the method ac- 
cording to the present invention does not require a step 
of inducing regeneration, so that the number of days 
required for creating transformation monocotyledons can 



be reduced. Furthermore, according to the method of the 
present invention, it is also possible to reduce the 
period which is required for selection by conventional 
techniques, so that it is possible to reduce the 
influences of culture variation. 

In a preferable embodiment of the method according 
to the present invention, the number of days required for 
creating a transformation monocotyledon is about 50 days , 
which is about two- thirds or less of the number of days 
(about 90 days) required by conventional Agrobacterium 
transformation methods (see, for example. Example 2 
below) . Moreover, according to the method of the present 
invention, a transformation efficiency of 10% to 15% can 
be obtained in the case of Nipponbare seeds. A similarly 
high transformation efficiency can also be achieved with 
other rice cultivars such as Dontokoi or Kitaake. 
Therefore, by using the method according to the present 
invention, it is possible to more efficiently and quickly 
create a transformed plant than by conventional 
transformation techniques. 



(Examples ) 

Hereinafter, the present invention will be 
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specifically described with respect to examples, which 
do not limit the present invention. The materials, 
reagents, and the like which are used in the example are 
available from commercial sources unless otherwise 
5 specified. 



Example 1: transformation of a rice plant using 
the method according to the present invention 

10 After removing the husks of the seeds of 

Nipponbare, a typical rice cultivar, the seeds in an 
intact state were sterilized in a 2. 5% sodium hypochlorite 
(NaCIO) solution. After being washed well with water, 
the rice was subjected to the following aseptic 

15 manipulations. 



1.1 pre-culture 

The seeds were sown on an N6D medium containing 
2,4-D (30 g/1 of sucrose, 0.3 g/1 of casamino acid, 
2.8 g/1 of proline, 2 mg/1 of 2,4-D. 4 g/1 of gellite, 
PH5.8), and incubated at 27*£ to 32*0 for 5 days. The 
seeds germinated during this period (Figure 1). 



1.2 plant expression vector 



As a plant expression vector for transforming an 
Agrobacterium, a plasmid pIG121Hm, in which the GUS gene 
including a first intron of the Ricinus catalase gene and 
a hygromycin resistance gene are linked, was used 
5 (Nakamura et al. , PLANT BIOTECHNOLOGY II, a special issue 
of Gendai Kagaku, pp. 123-132 (1991)). Agrobacterium 
EHA101 was transformed with pIG121Hm (Hood et al. , J. 
Bacteriol . , 168 : 1291-1301 ( 1986 ) ) . EHA101 is a bacterium 
in which a vir region of a helper plasmid is derived from 
10 the strongly pathogenic Agrobacterium A281. 

1.3 Agrobacterium infection 

In a suspension of the transformed Agrobacterium, 
the aforementioned pre-cultured seeds were immersed. 
15 Thereafter, this was placed on a 2N6-AS medium (30 g/1 
of sucrose, 10 g/1 of glucose, 0.3 g/1 of casamino acid, 
2 mg/lof 2,4-D, 10 mg/1 of acetosyringon , 4 g/1 gellite, 
PH5.2) . This was incubated in the dark at 28X: for 3 days 
to effect co-culturing. 



20 



1.4 bacterium elimination and selection 
After completing the co-culture, an N6D medium 
containing 500 mg/1 of carbenicillin , the Agrobacterium 
was washed off the seeds. Next, the selection of the 
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transformed seeds was performed under the following 
conditions. 

First selection: the seeds were placed on an N6D 
medium containing 2 mg/1 of 2,4-D which was supplemented 
with carbenicillin (500m g/1) and hygromycin (25 mg/1), 
and incubated at 27^ to 32*0 for 7 days. 

Second selection: the seeds were placed on an N6D 
medium containing 2 to 4 mg/1 of 2,4-D which was 
supplemented with carbenicillin (500m g/1) and 
hygromycin (25 mg/1), and incubated at 27*C to 32*0 for 
7 more days . 

1 . 5 regeneration 

The selected transformed seeds were allowed to 
regeneration under the following conditions. 

First regeneration: the selected seeds were 
placed on a redif f erentiation medium (an MS medium 
(30 g/1 of sucrose, 30 g/1 of sorbitol, 2 g/1 of casamino 
acid, 2m g/1 kinetin, 0.002 mg/1 NAA, 4 g/1 gellit^ , 
PH5.8) supplemented with carbenicillin (500 mg/1) and 
hygromycin (25 m g/1)), and incubated at 27*0 to 32t: for 
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2 weeks . 



Second regeneration: by employing the same 
regeneration medium as that used for the first 
regeneration, an incubation was performed at 2lV. to 32*C 
for 2 more weeks. 

1.6 potting 

The transformants which had regenerated were 
placed on a rooting medium (an MS medium containing no 
hormones, supplemented with hygromycin (25m g/1). After 
the growth of roots was confirmed, the transformants were 
potted (Figure 2). 

Example 2: transformation of a rice plant using 
a conventional method 

For comparison with the method described in 
Example 1, a rice plant transformation according to a 
conventional method was performed as follows, using 
Nipponbare as the material to be transformed. 

2.1 callus induction 

After removing the husks of the seeds of 




Nipponbare, the seeds were sterilized and sown on a callus 
induction medium (an N6D medium containing 2m g/1 of 
2,4-D), and incubated at 30*0 under light . About 4 weeks 
after the beginning of callus induction, the grown 
5 calluses derived from blastodisks were used for 
transformation . 



2.2 transformation 

The resultant calluses were infected with 
Agrobacterium EHA101 which was transformed with a plant 
expression vector pIG121Hm as described in Example 1, and 
incubated on an 2N6-AS medium in the dark at 28 < C for 
3 days to effect co-culturing . 



2.3 bacterium elimination and selection 
By using an N6D medium containing 500m g/1 of 
carbenicillin. the Agrobacterium was washed off the 
calluses. Next, the selection of the transformed callus 
was performed under the following conditions. 

First selection: the calluses were placed on an 
N6D medium containing 2 mg/1 of 2,4-D which was 
supplemented with carbenicillin (500 mg/1) and 
hygromycin (50 mg/1), and incubated at 21°C to 32t: for 
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Second selection: the calluses were placed on an 
N6D medium containing 2 to 4 mg/1 of 2,4-D which was 
5 supplemented with carbenicillin (500m g/1) and 
hygromycin (50 mg/1), an d incubated at 27<C to 32*C for 
2 more weeks . 

2.4 regeneration, rooting and potting 
The selected transformed seeds were allowed to 

regeneration under similar conditions to those employed 
in Example 1, and all the processes down to potting were 
carried out. 

2.5 results 

Figure 3 comparatively illustrates a 
transformation example according to a conventional method, 
and a transformation example according to the method of 
the present invention. The number of _ days which were 
required after sowing until the potting of the 
transformants was about 90 days for the conventional 
technique, as opposed to about 50 days for the method 
according to the present invention (Figure 3 (V)). a 
comparison on about the 50th day since sowing indicated 



that, while the transf ormants obtained according to the 
method of the present invention were ready to be potted, 
transformants obtained according to the conventional 
method were still in the process of regeneration 
5 (Figure 3 (b)). m summary, the method according to the 
present invention reduced the period required for 
transformation to about two-thirds or less of that re- 
quired by the conventional method. 

10 INDUSTRIAL APPLICABILITY 

According to the present invention, an improved 
Agrobacterium-mediated transformation method for mono- 
cotyledons is provided. According to the method of the 
present invention, intact seeds of a plant which is 

15 intended to be transformed are infected with an 
Agrobacterium which contains a desired recombinant gene. 
The use of the present invention enables a more efficient 
and quicker creation of a transformed plant. 



